Layered transition-metal compounds have received great attention owing to their novel physical properties. Here, we present the structural, electronic, thermal, and magnetic properties 
I. INTRODUCTION
The discovery of high-transition-temperature (high-T c ) superconductivity in CuO 2 , a parent compound of the 122-type Fe-based superconductors. The fundamental building block is the MnPn 4 tetrahedron, which forms a layer by edge sharing as shown in Fig. 1(a) . In contrast to the metallic behavior in the AFe 2 As 2 family, Mn-based BaMn 2 Pn 2 has the semiconducting or insulating ground state [4] [5] [6] . Furthermore, BaMn 2 As 2 was reported to exhibit a G-type antiferromagnetic (AFM) order 4 , distinct from the stripe-like AFM order in the AFe 2 As 2 series 2, 7 .
In addition, the replacement of As by heavier Sb may influence the physical properties of a system. For example, the AFM ordering temperature of CeMnSbO is much lower than that of CeMnAsO 10 . On the other hand, LiFeSb is predicted to have higher T c than LiFeAs 8, 9 .
Besides 1(b)) [11] [12] [13] [14] [15] , the latter being similar to the CuO 2 layer in high-T c cuprates. [17] [18] , as illustrated in Figs. 1(a) and 1(b), respectively. For both compounds, there is no evidence for any structural transitions down to 6 K.
The refined lattice parameters, atomic positions, and reliability factors from our neutron data taken at 6 K are summarized in . Below T x ≈180 K, the change of  ab is slower than that at higher temperatures. We fit the electrical conductivity ( =1/ ) above T x using the formula In contrast, the electric resistivity of Ba 2 Mn 3 Sb 2 O 2 differs from that of BaMn 2 Sb 2 , which (1) roughly three orders of magnitude lower, and (2) exhibits opposite temperature dependence.
Note that, upon cooling,  ab initially decreases, followed by an anomalous increase below ≈320 K, and then decreases again below ≈260 K. The small upturn below T N1 ≈320 K should be related to an AFM ordering in the Mn(1)Sb 4 layer (see discussion below). The non-monotonic character of  ab (T) suggests two-channel electrical conduction: one is based on the Mn(1)Sb 4 tetrahedral layer and another on the Mn (2) T N1 ≈320 K, and the peak T N2 ≈60 K is likely associated with the magnetic transitions, as will be discussed below.
C. Magnetic susceptibility and specific heat
The temperature dependence of magnetic susceptibility χ = M/H of BaMn 2 Sb 2 , measured at 1000 Oe applied magnetic field along both the ab plane and c axis, is shown in Fig. 2(c) . Upon cooling, χ ab initially increases with decreasing temperature, revealing a kink around 440 K as shown in the inset of Fig. 2 (c), consistent with the previous report 19 . Below T x ≈180 K, χ ab increases much faster than at high temperatures. Correspondingly, χ c has a minimum at the same temperature, above which χ c increases with temperature. The anomaly in the susceptibility was also reported previously but at a much lower temperature ~50 K
19
.
To understand the nature of the anomaly occurring at T x , we measured the temperature dependence of the heat capacity (C p ) for BaMn 2 Sb 2 , as shown in the inset of Fig. 2(b) . There is no anomaly between 2 and 300 K, indicating the absence of a phase transition around T x . At 300 K, the measured C p is 127 J/mol-K, which is consistent with the classical Dulong Petit specific heat value given by C p = 3nR ~ 125 J/mol-K (where n is the number of atoms per formula and R is the molar gas constant). The obtained specific heat is quite similar to that of BaMn 2 As 2 to two single-crystal domains. Note that the intensity of the (110) peak, shown in Fig. 3(a) , has weak temperature dependence between 6 and 680 K. In contrast, the (101) peak, displayed in Fig.   3 (b), undergoes a rapid increase below 460 K. This indicates that there is a magnetic transition, and the (101) peak is not only a nuclear peak but a magnetic peak. We thus trace the temperature dependence of both the (110) and (101) peak intensities, which are plotted in Fig. 3(c) . The sudden increase of the (101) peak intensity marks the magnetic transition at T N ≈ 441 K. It is worth noting that we did not observe the short-range magnetic order above T N since the linewidth and integrated intensity of the (101) peak are almost unchanged below/above T N . Note that there is neither the intensity anomaly in a few peaks such as (110) (see dash line in Fig. 3(c) ), (101), (002), (310) and (008) nor an emergence of new magnetic peaks below T x , precluding a magnetic origin for the anomaly in the resistivity.
The refinement was performed by the Rietveld method using the FullProf package 25 on a set of nuclear and magnetic reflections at T = 6 K for BaMn 2 Sb 2 . All the magnetic reflections can be indexed on the crystal unit cell with a magnetic propagation vector k = (0, 0, 0). The SARAH representational analysis program 26 is used to derive the symmetry allowed magnetic structures.
The decomposition of the magnetic representation into the irreducible representations is Γ 3 + Γ 6 + Γ 9 + Γ 10 , two of which are FM (Γ 3 + Γ 9 ) and two are AFM (Γ 6 + Γ 10 ). The symmetry allowed basis vectors are summarized in Table II . The neutron diffraction pattern is fitted well using the Γ 6 model, indicating an AFM ordering below T N . The determined magnetic structure is illustrated in Fig. 3(d) , where Mn spins are antiparallel forming a nearest-neighbor (NN)
antiferromagnetic alignment in both the ab plane as well as c axis, i.e., the G-type AFM order.
The Mn moment is 3.83(3)μ B pointing along the c axis, consistent with the sharper decrease of  c than  ab below T N . The magnetic structure and the ordered moment are similar to those in . In addition, the slight Mn deficiency is also expected to reduce the actual moment.
To determine the magnetic structures of Ba 2 Mn 3 Sb 2 O 2 , two sets of data were collected at indexed in the unit cell, indicative of the propagation vector k = (0, 0, 0). Fig. 4(a) Fig. 4(d) identifies the clear magnetic transition at T N1 ≈ 314 K, consistent with the kink observed in the resistivity (see Fig. 2(a) ) and susceptibility (see Fig. 2(d) ). Interestingly, new magnetic peaks appear with the propagation vector of k = (0.5, 0.5, 0) at 6 K. Fig. 4(b) shows the rocking curves for the magnetic peak (0.5 0.5 2) at 6 (black dots) and 100 K (red dots). The temperature dependence of the (0.5 0.5 0) magnetic peak shows another magnetic transition at T N2 ≈ 60 K, corresponding to the anomaly in the susceptibility shown in Fig. 2(d) . Symmetry-allowed magnetic structures with these two propagation vectors are summarized in Table II: all are AFM models.
Through the refinement, we obtain a G-type AFM order (Γ 6 model) for Mn (1) 11, 12 , with the same (G-type) AFM order in the Mn (1) sublattice. However, the magnetic structure of Mn (2) could not be determined because of the weak magnetic signal in a polycrystalline sample.
Let us now compare the magnetic structures of Mn (1 35, 36 . This comparison suggests that it is more desirable to manipulate the Mn(2)O 2 layer than the Mn(1)Sb 4 layer for superconductivity. It also demonstrates the significant effect of the intercalated Ba and Mn(2)O2 layers on the physical properties given the lattice symmetry is unchanged.
IV. CONCLUSION
In summary, we have investigated the structural, magnetic, and electrical and thermal Mn ( 
